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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high polymer electrolyte membrane reinforced 
substrate for solid high polymer type fuel cell improved oxidation resistance, acid resistance, 
and hydrolysis resistance, and to provide a high polymer electrolyte membrane, provided with 
proton conductivity, strength and heat resistance, using the base material. 
SOLUTION: This high polymer electrolyte membrane reinforced substrate consists of a porous 
sheet made of aramid resin, and the porous sheet is coated with fluororesin. As the porous 
sheet, nonwoven fabric of aramid resin is highly suited to use for this purpose. 
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Japan Patent Office is not responsible for 
any 

damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the polyelectrolyte film 
reinforcement base material which 
consists of a porous sheet which consists 
of an aramid resin, and is characterized 
by coating this porous sheet with the 
fluororesin. 

[Claim 2] The polyelectrolyte film 
reinforcement base material according to 
claim 1 characterized by a porous sheet 
being a nonwoven fabric. 
[Claim 3] The polyelectrolyte film 
reinforcement base material according to 
claim 1 or 2 to which a 
polytetrafluoroethylene (PTFE) comes 
out and the principal component of a 
fluororesin is characterized by a certain 
thing. 

[Claim 4] The polyelectrolyte film 
reinforcement base material according to 
claim 2 or 3 coated with the front face of 
the fiber which constitutes a nonwoven 



fabric by the fluororesin. 
[Claim 5] The manufacturing method of 
the polyelectrolyte film reinforcing 
materials characterized by for the porous 
sheet which consists of an aramid resin 
infiltrating the water dispersion of a 
fluororesin, and subsequently 

heat-treating. 

[Claim 6] The manufacturing method of 
the polyelectrolyte film reinforcement 
base material according to claim 5 
characterized by heat treatment 
temperature being 380 degrees C or less 
beyond the melting point of this 
fluororesin. 

[Claim 7] The manufacturing method of 
the polyelectrolyte film reinforcement 
base material according to claim 6 
characterized by the fluororesin 
solid-content concentration of the water 
dispersion of this fluororesin being 10 - 
50% of the weight. 

[Claim 8] It is the proton conductivity 
polyelectrolyte film which consisted of a 
porous sheet which consists of an aramid 
resin, and was reinforced with the 
polyelectrolyte film reinforcement base 
material characterized by coating this 
porous sheet with the fluororesin. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention 
belongs] About the polyelectrolyte film 
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reinforcement base material excellent in 
mechanical strength and thermal 
resistance, and the proton conductivity 
polyelectrolyte film reinforced by that 
cause, in more detail, this invention 
consists of a porous sheet of an aramid 
resin, and relates to the proton 
conductivity polyelectrolyte film 
reinforced with the polyelectrolyte film 
reinforcement base material which raised 
oxidation resistance, acid resistance, and 
adding-water-proof re solvability, its 
manufacturing method, and this 
reinforcement base material. 
[0002] 

[Description of the Prior Art] An aramid 
fiber is excellent in thermal resistance or 
intensity, and is used for the use for 
which those properties are needed. 
However, the present condition is fully 
being able to finishing harnessing with 
the feature which a use's is limited since [, 
such as oxidation resistance, acid 
resistance, and adding-water-proof 
re solvability, ] it is inferior 
chemical-resistant, and aramid fibers', 
such as thermal resistance's and 
intensity's, have. 

[0003] In recent years, a fuel cell attracts 
attention as a clean and efficient power 
supply from an environmental problem, 
and development of a solid-state 
macromolecule type fuel cell (PEFC) is 
actively performed from a viewpoint of a 
low-temperature operation or a 
miniaturization. The polyelectrolyte film 



which PEFC uses is "Nation" (Nafion, 
registered trademark of Du Pont.), the 
following - the same . Although the 
perfluoro sulfonic acid film represented is 
used, thin film-ization is demanded from 
viewpoints, such as reduction of a 
membrane resistance, film moisture 
maintenance management nature, and 
lowcost-izing. It is the mechanical 
strength-problem of a perfluoro 
sulfonic-acid film, and film reinforcement 
technology becomes important for 
thin film izing. The technology of making 
it composite ize with a 

tetrafluoroethylene extension porous 
membrane as film reinforcement 
technology is indicated by JP,8- 162132, A. 
However, since the surface tension of a 
tetrafluoroethylene extension porous 
membrane was small, it it is not only 
expensive as a base material, but had the 
problem that sinking [ of a dope ] in was 
difficult, from the wettability problem of 
a dope at the time of electrolyte dope 
sinking in. 

[0004] The demand to the oxidation 
resistance from a viewpoint of endurance 
is strong to the polyelectrolyte film 
reinforcement base material for PEFC, 
and the present condition is that only the 
fluorine system resin represented by the 
tetrafluoroethylene is used. 
[0005] On the other hand, there is 
technology coated with a fluororesin as 
technology which raises the chemical 
resistance of an aramid fiber. For 
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example, make a non- subtlety particle 
adhere, the mixture of the water 
dispersion of a poly tetrafluoroe thy lene 
particle and fluoridation urethane is 
made to adhere after heat treatment, and 
there is rope-like matter (JP, 3 -2492 76, A) 
heat-treated at the method 
(JP,8-299719,A) of heat-treating and **60 
degrees C of melting points of a 
fluororesin. 
[0006] 

[Problem(s) to be Solved by the 
Invention] It is in the purpose of this 
invention offering the aramid porosity 
sheet with which oxidation resistance, 
acid resistance, and adding-water-proof 
resolvability have been improved, and 
offering the polyelectrolyte film for PEFC 
which has proton conductivity, intensity, 
and thermal resistance by using this as a 
polyelectrolyte film reinforcement base 
material for PEFC. 
[0007] 

[Means for Solving the Problem] The 
nonwoven fabric of excelling the fluorine 
system resin system in intensity which 
consists of the viewpoint of 
thin-film-izing of the polyelectrolyte film 
for PEFC to an aramid fiber is 
advantageous as a reinforcement base 
material. Moreover, it is advantageous 
also in cost. However, oxidation 
resistance, acid resistance, and 
adding-water-proof resolvability pose a 
problem. 

[0008] As a result of inquiring 



wholeheartedly in view of such the 
present condition, the porous sheet which 
consists of an aramid resin excellent in 
oxidation resistance, acid resistance, and 
addingwaterproof resolvability is 
developed, and it came to complete this 
invention by using this as a 
polyelectrolyte film reinforcement base 
material for PEFC. 

[0009] That is, this invention consists of a 
porous sheet which consists of an aramid 
resin, and this porous sheet is a 
polyelectrolyte film reinforcement base 
material characterized by being coated 
with the fluororesin. 

[0010] Oxidation resistance, acid 
resistance, and adding-water-proof 
resolvability improve on the porous sheet 
which consists of an aramid resin by 
giving fluororesin coating, and this 
invention uses this for it as a 
polyelectrolyte film reinforcement base 
material in order to solve the 
above-mentioned technical problem. 
[0011] 

[Embodiments of the Invention] 
Hereafter, the polyelectrolyte film 
reinforcement base material and 
polyelectrolyte film of this invention are 
explained in detail. The polyelectrolyte 
film reinforcement base material of this 
invention is characterized by being the 
porous sheet which consists of an aramid 
resin coated with the fluororesin. 
[0012] Although there are some which 
consist of a meta mold aramid resin and 
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a Para type aramid resin in the aramid 
resin which forms the porous sheet used 
for the polyelectrolyte film reinforcement 
base material of this invention, it can use 
for this invention also with both. 
Moreover, it does not matter even if it is 
the copolymer or blend object with which 
a principal component consists of an 
aramid resin. 

[0013] paper with the permeability of the 
structure which what has the shape of a 
three-dimensions mesh which the 
configuration of the porous sheet which 
consists of an aramid resin turns into 
from an aramid fiber in this invention, 
such as a nonwoven fabric and textiles, 
and the synthetic pulp which is an 
aramid polymer distribute the 
configuration of the film which much 
pores which consist of a sheet [ like ] or 
an aramid resin opened is desirable The 
nonwoven fabric of 5 ■ 40 g/m2 is suitably 
used for a superintendent officer from a 
viewpoint of the proton conductivity of 
the electrolyte film reinforced by the ease 
of carrying out and this reinforcement 
base material of electrolyte film 
production which were especially 
reinforced by these reinforcement base 
materials, such as the ease of carrying 
out of coating, the impregnating ability of 
a polyelectrolyte dope, and the amount of 
sinking in. Intensity as a reinforcement 
base material cannot fully be maintained 
as a superintendent officer is less than 
two 5 g/m. Moreover, if a superintendent 



officer is larger than 40 g/m 2, thickness 
will become thick and the voidage of a 
nonwoven fabric will also fall. For this 
reason, a membrane resistance becomes 
large and causes the fall of the 
conductivity of a polyelectrolyte film. 
[0014] The fluororesin which makes a 
polytetrafluoroethylene (PTFE) and this 
a principal component as a fluororesin 
which coats the porous sheet which 
consists of an aramid resin is used 
suitably. As a fluororesin which makes 
PTFE a principal component (50% of the 
weight or more of the whole preferably 
80 % of the weight or more), although 
tetrafluoroethyleneperfluoroalkyl vinyl 
ether copolymer (PFA) and 
te tr afluoroethy lene ■ hexafluoropropylene 
copolymer (FEP) ** is used suitably, for 
example, it is not limited to this. 
[0015] It is observable whether the 
porous sheet which consists of an aramid 
resin is coated with the fluororesin with 
an optical microscope and an electron 
microscope. Moreover, it can check also 
by the general surface analysis method of 
the Raman spectrometry. The amount of 
coating of a fluororesin can be estimated 
by measuring the weight before and 
behind coating. 

[0016] As for the polyelectrolyte film 
reinforcement base material of this 
invention, it is desirable that average 
thickness is [ air permeability ] two or 
less cc-in [ 10sec(s)/100 cc-in ] air 
permeability in 80 micrometers or less. If 
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thickness exceeds 80 micrometers, 
although intensity goes up, since the 
thickness of the polyelectrolyte film 
reinforced by the polyelectrolyte film 
reinforcement base material of this 
invention becomes thick, it increases 
[ because the degree of swelling to the 
water of an electrolyte film falls / a 
membrane resistance ] and is not 
desirable. Air permeability shows the 
value measured with Gurley method 
(time taken for 100 cc air to penetrate 1 
inch of area of 2 by the pressure of 
2.3cmHg(s)). If this value is larger than 
10sec(s) / 100 cc-in2, while 
composite -ization of the polyelectrolyte 
by the coating method becomes difficult, 
it will become difficult from a polymer 
solution to also fully raise proton 
conductivity. 

[0017] The water dispersion of a 
fluororesin is infiltrated into the porous 
sheet which consists of a ** aramid resin 
although especially a limit does not have 
the manufacturing method of the 
polyelectrolyte film reinforcement base 
material of this invention, and it 
heat-treats, and the water dispersion of a 
fluororesin is infiltrated into the method 
and ** aramid fiber which coat this 
porous sheet with a fluororesin, it 
heat-treats, this fiber front face is coated 
with a fluororesin, and the method of a 
nonwoven fabric etc. carrying out a 
porous sheet using the obtained fiber, and 
making this this reinforcement base 



material is mentioned. Here, the 
simplicity of manufacture etc. to the 
former is desirable. Hereafter, this 
method is explained. 

[0018] The water dispersion of a 
fluororesin is infiltrated into the porous 
sheet which consists of this aramid resin, 
and it heat-treats, and as a method of 
coating this porous sheet with a 
fluororesin, a fluorine system resin water 
dispersion is infiltrated into an aramid 
nonwoven fabric, and an excessive 
fluororesin water dispersion is removed 
by drawing through with a roller, for 
example. After air-drying this, it 
heat-treats below 380 degrees C beyond 
the melting point of a fluororesin. Since a 
thermal contraction starts at the time of 
heat treatment, fixing with metal mold 
etc. is desirable. It is more desirable to 
carry out in the environment where the 
oxygen under nitrogen-gas-atmosphere 
mind etc. does not exist, although heat 
treatment may be performed in air. When 
oxygen exists, during heat treatment, the 
porous sheet which consists of an aramid 
resin may oxidize, and discoloration and 
the fall of physical properties may be 
caused. After [ heat treatment ] water 
cooling is carried out, and it cools rapidly. 
The polyelectrolyte film reinforcement 
base material in this invention is 
producible by air-drying this. 
[0019] 10 - 50 % of the weight is suitable 
for the fluororesin solid-content 
concentration of this fluororesin water 



6 



JP2001-113141A 



dispersion used for coating. The front face 
of the resin (fiber which constitutes it in 
the case of a nonwoven fabric) which 
constitutes the porous sheet with which 
fluororesin solid-content concentration 
becomes being less than 10 % of the 
weight from an aramid resin cannot be 
enough worn by the fluororesin, and 
oxidation resistance is not fully improved. 
Moreover, it becomes [ if fluororesin 
solid-content concentration is larger than 
50 % of the weight, will close the hole of 
the porous sheet with which a fluororesin 
consists of an aramid resin, and / a proton 
conductivity polyelectrolyte and 
composite -ization ] difficult and is not 
desirable. Moreover, even if it can carry 
out [ **** ]-izing, a membrane resistance 
increases and an electrical property is not 
desirable. 

[0020] Although it heat-treats after 
infiltrating a fluororesin water dispersion 
into the porous sheet which consists of an 
aramid resin, it is desirable to perform 
heat treatment below 380 degrees C 
beyond the melting point of a fluororesin. 
It is difficult for a fluororesin not to 
dissolve that it is under the melting point 
of a fluororesin, but to fully wear the 
front face of a porous sheet by the 
fluororesin. Here, the front face of the 
hole inside a sheet, and in the case of a 
nonwoven fabric, with the front face of a 
porous sheet, the front face of each fiber 
is included in addition to both the front 
faces of a porous sheet. Moreover, if it 



heat-treats at temperature higher than 
380 degrees C, the pyrolysis of the porous 
sheet applied during heat treatment will 
start, and the fall of physical properties 
will be caused. Heat treatment time has 3 
- 10 desirable minutes. There is not 
sufficient time to coat a front face with 
the fluororesin which adhered that it was 
less than 3 minutes to the resin front face 
fusing and flowing. Moreover, if longer 
than 10 minutes, degradation of this 
porous sheet will start with heat 
treatment, and a problem will arise in 
respect of physical properties. 
[0021] Thus, the obtained porous sheet is 
substantially covered by the fluororesin 
by the grade by which oxidation 
resistance is fully improved, and, as for 
air permeability, what is two or less 
10sec(s)/100 cc-in is desirable from a 
viewpoint of an electrical property. 
[0022] The proton conductivity 
polyelectrolyte film reinforced by this 
polyelectrolyte film reinforcement base 
material is described. 
[0023] This proton conductivity 
polyelectrolyte film is complex with 
which it comes to put the 
above-mentioned poly membrane 
reinforcement base material and proton 
conductivity polymer together, and the 
point of having the dynamic thermal 
resistance of 300 degrees C or more is the 
feature. Dynamic heat-resistant 
temperature can be measured by 
mechanical thermal property analysis 
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(TMA). Here, the temperature up of the 
temperature was carried out to this 
proton conductivity polyelectrolyte film 
(the thickness of about 45mm, width of 
face of 5mm, the shape of a strip of paper 
with a length of 25mm) the speed for 
lOdegree-C/by the lg load, and 
temperature to which a film fractures or 
a film is extended 10% was made into 
dynamic heat-resistant temperature. It 
becomes impossible for this temperature 
to guarantee the safety of the cell at the 
time of less than 300 degrees C covering 
the expenses of the temperature inside a 
cell rapidly by the anomalous reaction 
etc., and it is not desirable. 
[0024] This proton conductivity 
polyelectrolyte film can infiltrate proton 
conductivity polymer for example, into 
the above-mentioned polyelectrolyte film 
reinforcement base material, and can be 
manufactured by drying. Although the 
polysulfone into which the perfluoro 
sulfonic acid type resin represented by 
"Nafion" as proton conductivity polymer, 
polystyrene sulfonate, and the sulfonic 
group were introduced, polyether 
sulphone, a polysulfone, etc. are 
mentioned, it is not limited to these. 
[0025} 

[Example] Hereafter, although the 
content of this invention is explained in 
detail using an example, this invention is 
not limited to these examples. 
The oxidation-resistant appraisal method 
in a <oxidation-resistant model 



evaluation> example is described. 
However, oxidation -resistant evaluation 
is not limited to this. Although this 
invention has coated the aramid 
non woven fabric with the fluororesin for 
improvement in oxidation resistance, 
oxidation-resistant evaluation of a 
nonwoven fabric is "Proceedings of the 
Symposium - Electrode Materials and 
Process for Energy Conversion and 
Storage", Vol.77(6), p.314 (1977), and The. 
Electrochemical The method indicated by 
Soceity was made reference. A nonwoven 
fabric is immersed into the so-called 
Fenton reagent which mixed a 20 ppm 
iron sulfate (II) and (FeS04) with 30% of 
the weight of hydrogen peroxide solution, 
and it heat-treats at 68 degrees C. Thus, 
aging of the **** maximum stress of the 
processed nonwoven fabric can estimate 
the oxidation resistance of a nonwoven 
fabric. **** maximum stress pulls and is 
the maximum stress in an examination. 
The value (percentage shows) which 
broke the **** maximum stress of the 
nonwoven fabric after 24-hour heat 
treatment by **** maximum stress of an 
unsettled nonwoven fabric was made into 
the **** maximum- stress maintenance 
factor, and this was made into the 
oxidation-resistant index, 
[0026] The average thickness which 
consists of a [example l] meta-mold 
aramid fiber (tradename ' Conex, Teijin, 
Ltd. make) produced the nonwoven fabric 
of 20 g/m2 by 40 micrometers, the 
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superintendent officer produced by the 
dry type milling-paper method, the 
polytetrafluoroethylene (PTFE, 327 
degrees C of melting points) water 
dispersion (Daikin Industries make) 
whose solid-content concentration is 30% 
was infiltrated into this, and it was made 
air-dry [ draw through and ] with a roller. 
This nonwoven fabric was fixed to metal 
mold, heat treatment was performed for 
10 minutes at 340 degrees C, and the 
polyelectrolyte film reinforcement base 
material was produced. The average 
thickness of this polyelectrolyte film 
reinforcement base material was 50 
micrometers, and air permeability was 
O.lsec(s) / 100 cc-in2. Evaluation 
oxidation-resistant by method which was 
described about this nonwoven fabric in 
the top was performed. The **** 
maximum-stress maintenance factor was 
84.6%. A result is shown in drawing 1 . 
[0027] The average thickness which 
consists of a [example 2] meta-mold 
aramid fiber (tradename ' Conex, Teijin, 
Ltd. make) produced the nonwoven fabric 
of 20 g/m2 by 40 micrometers, the 
superintendent officer produced by the 
dry type milling-paper method, the 
tetrafluoroethylenehexaflnoropropylene 
copolymer (FEP, 270 degrees C of melting 
points) water dispersion (Daikin 
Industries make) whose solid-content 
concentration is 30% was infiltrated into 
this, and it was made air-dry [ draw 
through and ] with a roller. This 



nonwoven fabric was fixed to metal mold, 
heat treatment was performed for 10 
minutes at 300 degrees C, and the 
polyelectrolyte film reinforcement base 
material was produced. The average 
thickness of this polyelectrolyte film 
reinforcement base material was 50 
micrometers. Air permeability is 0.1sec(s) 
/ 100 cc-in2. Evaluation 

oxidation -resistant by method which was 
described about this nonwoven fabric in 
the top was performed. The **** 
maximum -stress maintenance factor was 
81.3%. A result is shown in drawing 1 . 
[0028] The average thickness which 
consists of a [example 1 of comparison] 
meta-mold aramid fiber (tradename • 
Conex, Teijin, Ltd. make) produced the 
nonwoven fabric of 20 g/m2 by 40 
micrometers, the superintendent officer 
produced by the dry type milling-paper 
method, and evaluation 

oxidation -resistant by method which was 
described in the top was performed. 
0.04sec(s) / 100 cc in2, and the **** 
maximum-stress maintenance factor of 
the air permeability of this nonwoven 
fabric were 27.3%. A result is shown in 
drawing 1 . As for the aramid nonwoven 
fabric which coated the fluororesin which 
is the polyelectrolyte film reinforcement 
base material of this invention, compared 
with an aramid nonwoven fabric, 
oxidation resistance has been clearly 
improved from examples 1 and 2 and the 
example 1 of comparison. 
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[0029] It produced in the [example 3] 
example 1, the polyelectrolyte film 
reinforcement base material was placed 
on the polyethylene terephthalate film, 
and the cast of the Nafion solution 
(Aldrich) of 10wt(s).% was carried out by 
the doctor knife of 200-micrometer path 
clearance from on the. Subsequently, the 
proton conductivity polyelectrolyte film 
reinforced with this reinforcement base 
material was produced by air-drying this. 
The dynamic heat-resistant temperature 
of this proton conductivity polyelectrolyte 
film was 400 degrees C or more. As a 
re suit of performing evaluation 
oxidation-resistant by method which was 
described about this proton conductivity 
electrolyte film in the top, the **** 
maximum -stress maintenance factor was 
82.1%. 

[0030] It produced in the [example 4] 
example 2, the polyelectrolyte film 
reinforcement base material was placed 
on the polyethylene-terephthalate film, 
and the cast of the Nafion solution 
(Aldrich) of 10wt(s).% was carried out by 
the doctor knife of 200-micrometer path 
clearance from on the. The proton 
conductivity polyelectrolyte film 
reinforced with this reinforcement base 
material according to it being air-dry was 
produced. The dynamic heat-resistant 
temperature of this proton conductivity 
polyelectrolyte film was 400 degrees C or 
more. As a result of performing 
evaluation oxidation-resistant by method 



which was described about this proton 
conductivity electrolyte film in the top, 
the **** maximum -stress maintenance 
factor was 79.4%. Maintaining oxidation 
resistance also with the proton 
conductivity electrolyte film equivalent to 
the polyelectrolyte film reinforcement 
base material of this invention which 
made the polyelectrolyte film 
reinforcement base material of this 
invention composite ize with perfluoro 
sulfonic acid type resin from examples 3 
and 4 was shown. And compared with an 
aramid nonwoven fabric, as for the 
aramid nonwoven fabric which coated the 
fluororesin, acid resistance and 
adding- water proof re solvability have 
also been improved. 

[0031] This was pierced and used for the 
diameter of 30mm using the electrode 
made from U.S. E-TEKINC which made 
the platinum of 0.38 mg/cm2 support as a 
[example 5] gas diffusion electrode. After 
being immersed for 2 hours into the ion 
exchange water which boiled the 
polyelectrolyte film obtained in the 
example 3 and making this film into a 
water state, water with a superfluous 
front face was wiped off, and it put by 
these two gas diffusion electrodes, and 
pressurized for 3 minutes by 9.8MPa(s) 
(100 kgf/cm2) at 100 degrees C, and the 
electrode zygote was obtained. About the 
obtained electrode zygote, humidification 
hydrogen and oxygen were supplied and 
fuel cell output characteristics were 



evaluated under 80-degree C heating. 
Although ten single cells were produced, 
defects, such as a short circuit and a gas 
leak, do not have one, and the 
performance of 0.65V was obtained by 0.7 
A/cm2. 
[0032] 

[Effect of the Invention] As explained in 
full detail above, the oxidation resistance 
of the porous sheet which consists of an 
aramid resin by coating with a 
fluororesin according to this invention, 
acid resistance, and adding-water-proof 
re solvability were raised, and it became 
possible to use especially the porous sheet 
which consists of an aramid resin as a 
suitable polyelectrolyte film 

reinforcement base material for 
solid-state macromolecule type fuel cells. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll Drawing 1 shows aging of 
the **** maximum stress in 
oxidation-resistant evaluation of the 
non woven fabric of examples 1 and 2 and 
the examples 1 and 2 of comparison. 
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FACTORIAL DESIGN STUDY OF MINIATURE 
FUEL CELLS WITH MICROMACHINED SILICON 
" FLOW STRUCTURES 

Sang-Joon J. Lee 1 , Suk Won Cha 1 , 
Amy Chang-Chicn 1 , Ryan O'Hayre 3 , Fritz B. Prinz * 

Stanford University 
Rapid Prototyping Laboratory 
1 Mechanical Engineering Department 
- Materials Science and Engineering Department 
Stanford, California 94305 USA 

Silicon micromachining and related thin-film 
processing have been investigated by several research 
groups as an attractive candidate for the fabrication of 
miniature fuel cells. 1 2 Microfabrication approaches are 
motivated not only by the ever-expanding demand for 
portable electronics, but also by potential benefits in 
design flexibility, manufacturabiiiiy, ana campicr. «u.-v.i«« 
integration. 3 

Figure 1 shows an example of sixteen individual cells 
arrayed on a 100 mm silicon wafer, with four sets of 4- 
cell assemblies, connected in scries with integrated gas 
routing and electrical contacts. Our early experimental 
results, however, indicated that fuel, cells with 
micromachined flow structures do not yet perform as well 
as state-of-the-art configurations using graphite flow 
plates. Specifically, initial results using cells with micro- 
etched flow channels and thin-film electrical contacts 
typically showed lower performance than similar 
measurements using machined graphite. For example, 5 
cm 1 cells using dry hydrogen and oxygen at 100 kPa 
yielded about 100 mW/cm 2 with conventional graphite, 
whereas the micro fabricated flow structures produced 
only 47 mW/cm 3 under like conditions. 

A microfabrication approach clearly introduces 
fundamental changes in terms of geometric parameters' 
such as channel size, as well as material properties such 
as electrical conductivity. The degree to which each 
factor affects performance, however, is not. quantitatively 
obvious. The fact that the performance is dependent on 
physical phenomena from mixed domains (fluid 
mechanics, kinetics, electrical resistance) has motivated 
an experimental design approach 4 ' 5 , rather than a tirst- 
principles model. Experimental design and factorial 
experiments have proven highly informative for studies in 
both design optimization and new-process development. 
The factor effects calculated from experimental data show 
the. relative influence of each factor, and also offer insight 
regarding factor interactions. 

The central goal of this factorial design study is to 
quantitatively understand the positive and negative tradc- 
' offs encountered by miniaturization of fuel cells, 
particularly with respect to the flow structures. 
Parameters under investigation in the present study 
include channel depth, channel width, conductive film 
thickness, reactant gas pressure, and cell temperature. 
This paper presents the experimental results and discusses 
the implications for fuel cell performance. Practical 
expectations in terms of volumetric power density for 
miniature cells are thus revealed. 
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Figure L Micromachined fuel cell flow structures arrayed on a 
100 mm silicon wafer. Sixteen unit cells are grouped m sets of 
nutr .v///» ./Jaw pass-ones and electrical 

interconnection. Feautures are defined by photodthograpny 
channels are made by deep reactive ion etching and metal 
interconnects are patterned by vapor deposition., Oxideor 
nitride layers are incorporated as needed for elect, teal 
isolation. 
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Figure 2. Example of fuel cell performance measurements using 
micro-patterned glass ^structures with etched channels 100 
am deep and gold conductive layers 0.5 pm thick 77,e 
membrane-electrode assembly was a 5 cm' commercial Nafion . 
product witb 1.0 mg/cm>. 20 wt'A Pt/C 
Readouts were dn> hvdrogen and oxygen gases at 100 kPa. The 
cell body was run at 70 "C but the supply gases were not pre- 
heated. 
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PLAMAR INTERCONNECTION OF MULTIPLE 
POLYMER ELECTROLYTE MEMBRANE FUEL 
CELLS BY M 1CRO FA B RI CATION 

Amy Chang-Chien 1 , Suk Won Cha\ Sang-Joon J. Lcc\ 
Ryan O'Hayre 2 , Fritz B. Prinz 1,2 

Stanford University 
Rapid Prototyping Laboratory 
'Mechanical Engineering Department 
2 Matcrials Science and Engineering Department 
Stanford, California 94305 USA 

Fuel cells have become a prominent alternative to 
batteries for answering the need for miniature power 
sources, especially in response to the rapid growth of 
portable electronics. Fuel cells with polymer 
_ electrolyte membrane arc particularly attractive 
because of low-temperature operation and relatively 
simple construction. However, practical 

implementation of miniature fuel cells requires 
interconnection of multiple cells to meet application- 
specific voltage requirements. 

In the effort to miniaturize fuel cells, planar layout 
instead of vertical stacking provides a method to 
reduce overall cell volume through reduction of stack 
thickness. 1,2 Furthermore, for integrated layer 
manufacturing, complexity within a layer is generally 
preferred to complexity between layers. 

A planar "flip-Hop" interconnection layout 
previously proposed 1 that allows for a continuous 
polymer electrolyte membrane design is shown in 
Figure I. This configuration has the advantage of 
simplified membrane processing. In addition, current 
collection is simplified because interconnection from 
the cathode of one cell to the anode of the next cell is 
done entirely within one plane. The design is well 
suited for thin-film or thick-film processing because it 
does not require a breach of electrolyte to make 
electrical connections, 1 nor do the electrodes have to 
connected by tabs at the outer boundary of the 
membrane.. 

This paper will present the implementation of this 
"flip-flop" con figura tier. using micro- fabrication 
techniques. An example core component is shown in 
Figure 2. " Figure 3 shows performance results 
demonstrated by a four-cell prototype. Functional 
concerns such as non-uniformity among cells and 
possible "cross-talk" between non-paired electrodes 
will also be discussed. 
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Figure I. Multi-Cell Interconnection with Flip-Flop 
Configuration. 



Figure 2. Miniature fuel cell /low structure in silicon, 
fabricated using three-level deep reactive ion etching 
(DIUE). 
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Figure 3. Overall and individual performance of four 
/-cm"' cells in "flip-flop" configuration using micro- 
machined flow structures. The active components 
consisted of conventional Najion and carbon cloth with 
0.4 mg/cm 2 platinum loading. Rcactanis were diy 
hydrogen and oxygen gases at 100 kPa. and no 
external heating was applied. 
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